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and extending respectively towards said light source and said photodetector, and a pyramid-shaped air gap having a ridge separating 
said lenses. 
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OPTICAL MICROPHONE CONSTRUCTION 



Field of the Invention 

The present invention relates to optical microphones, more particularly, 
5 to optical microphones that may be constructed at low production and assembly 
costs. 
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Background of the Invention 

Optical microphones are acoustical, pressure-sensitive devices, based on 
the sensing of light intensity changes resulting from the vibrations of an 
acoustic membrane. Such devices are disclosed, for example in U.S. Patents 
Nos. 5,771,091; 5,969, 838 and 6,091,497. One of the disadvantages of these 
microphones is their comparatively high cost, which resides in their being 
constructed of both electronic and optical elements, and the strict demand for 
15 specific high tolerances during their production. 



20 



Disclosure of the invention 



It is therefore a broad object of the present invention to decrease the cost 
of optical microphones by providing an optical microphone structure consisting 
of two, separate, electronic and optical components, which structure does not 
require high tolerances during production. 

It is a further object of the present invention to provide an optical 
component for the construction of optical microphones that is especially 
suitable for the mass production of mobile telephones and that enables the 
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building and testing of the entire electronic board, together with its optical 
component, before the final closing of the telephone housing. 

A still further object of the present invention is to provide components 
for optical microphone construction that do not expose the microphone 
5 membrane to high temperatures during the process of soldering the electronic 
microphone elements onto the electronic board. 

The invention therefore provides an optical microphone device, 
comprising an optical component, constituted by (a) an inverted, cup-shaped 
body including a top wall and at least one side wall and being at least partly 
10 made of transparent material; (b) at least two lenses projecting from the lower 
surface of said top wall and extending respectively towards said light source 
and said photodetector, and (c) a pyramid-shaped air gap having a ridge 
separating said lenses. 

The invention further provides an optical microphone device, 
15 comprising interconnectable first and second components; said first component 
being an electronic component constituted by an electronic board carrying at 
least one light source and at least one photodetector spaced apart from each 
other and electrical contacts for said light source and said photodetector; and 
said second component being an optical component, constitute by (a) an 
20 inverted, cup-shaped body including a top wall and least one side wall and 
being at least partly made of transparent material; (b) at least two lenses 
project from the lower surface of said top wall and extending respectively 
towards said light source and said photodetector, and (c) a pyramid-shaped air 
gap having a ridge separating said lenses. 

25 

Brief Description of the Drawings 

The invention will now be described in connection with certain 
preferred embodiments with reference to the following illustrative figures so 
that it may be more fully understood. 
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W,th specific reference now ,o «he figures in detail, i, is stressed tha, the 

Sh0W " ^ by »S ° f ^^^P^ Mnstmive 

d,scussio„ of the preferred embodiments of t he present invention on.y and are 
presented in the cause of providing what is beiieved to he the tnos, usefiu and 
5 readiiv understood description of the princip.es and conceptua. aspects of the 
tnventton. ,„ this regard, no attempt is made to show structura. detaiis of (he 
mventton in more detail than is necessary for a fundamental understanding of 
•he invention, the description taken with the drawings making apparent to those 
sktiied ,„ the ar, how the several forms of the invention may be embodied in 
10 practice. 

In the drawings: 

Fig.I is a cross-sectiona. view of an optical microphone in accordance with the 
present invention; 

Fig. 2 is a top view of the microphone component shown at Fig. 1, with its 
1 5 membrane removed; 

Fig. 3 is a cross-sectionaJ view along line A-A of Fig. 2; 

Fig. 4 is a bottom view of the microphone component of F . g j ^ 
electronic board removed; 

Fig. 5 is a cross-sectiona. view of another embodiment of an optical 

mtcrophone component according to the present invention; 
Figs. 6 and 7 arc cross-sectional and bottom views, respective*, of a further 
embodtmen, of an optical microphone component aeeording to the 
present invention, and 

Fig. 8 is a bottom view of a modification of the embodiment of Figs. 6 and 7. 
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Detailed Description of the Invention 

Figs. 1 to 4 illustrate an optical microphone 2, consisting of two separate 
components 4 and 6. component 4 is the electronic portion of the microphone, 
while component 6 is the optical portion. 

Electronic component 4 consists of an electronic board 8 having a light 
source 10 and a photodetectorl 2, advantageously produced by through-hole 
technology. Also provided are electrical contacts 14, 16 of light source 10 
and photodetectorl 2, respectively. 

The second, optical component 6 of microphone 2 is configured as an 
inverted, cup-shaped body having a top wall and a tubular side wall. The side 
wall of component 6 does not necessarily have to be tubular, but may instead 
be in the form of individual legs. Component 6 is microphone made of light- 
transparent material, and has two lenses 1 8, 20 projecting from its lower top 
surface 22 so as to concentrate light on an acoustically sensitive membrane 24 
and to concentrate the light reflected from membrane 24 onto photodetector 12. 
A shallow recess 26 is formed on the upper surface 25 of the body, creating a 
space between the optical body and the membrane 24, which is mounted across 
the recess 26 by means of a ring 28. A pyramid-shaped air gap 30 within the 
component body separates the two lenses 18, 20 and , consequently separates 
the light beams that are directed and reflected from membrane 24 without 
exiting from the body. A ridge in air gap 30 creates a very narrow slot 32 at the 
apex of the pyramid. In addition, one or more small holes 34 are made to 
connect the air space below membrane 24 with the air gap 30, so as to 
substantially equalize the pressure on both sides of the membrane. 

The electronic component 4 of the microphone may be produced as the 
entire electronic board of an electronic system incorporating the microphone, 
including a plurality of electronic devices as well as the components for the 
optical microphone. 
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For example, such an elec.roni/sys.em may be a mobile tc|ephone ^ 
■he elettronic board 8 including the micropho „ e e , ec[ron . c ^ 

a mob.le telephone electronic board. Both of the microphone components are 
mounted and soldered by means of ordinary, per se known, mounting and 
soldermg technology, together with the other electronic elements of the mobile 
telephone. The acoustically responsive membrane 24 is only men affixed onto 
component 6. thus, membrane 24 is no. exposed ,o damaging high 
temperatures during the process of soldering the electronic components onto 
the board of electronic component 4. 

The above-described construction of the present invention provides a 
substantia, advantage, since the presently known technology does no, facilitate 
the mounting and soldering of a microphone element together with the other 
electronic elements of a telephone board. In the known technology the 
mounting of ,he optical component of the microphone is then done manually 
after the mourning, soldering and tuning work is finished, even after the closing 
of the telephone housing (not shown). 

Referring now to Fig. 5, there is illustrated a further embodiment of the 
tnvennon, in which light source 10 and photodetector ,2 are mounted on top of 
the upper surface of electronic board 36, advantageously by surface-mounting 
technology, and are no, at leas, partially embedded .herein, as shown in Fig , 
In addition in the embodiment of Fig. 5, the lenses ,8, 20 are oriented a, a 
Afferent angle with respect to the membrane 24, forming there between a 
smaller pyram.dal air gap 30. A further difference in this embodiment resides 
m the manner of mounting membrane 24. Here, the optica, component 6 is 
> configured generally as an H-shape, forming two recesses on its upper portion- 
a shallow recess 26 and a recess 38 having a larger diameter, forming annular 
nm 40. The membrane 24 is placed across shallow recess 26 and is affixed in 
place by means of a cover 42 having apertures 44. 

A further embodiment is depiced in Figs. 6-8, similar to that of Fig 5 
excep, for me lens configura.ion. In the embodiment of Figs. 6-8, a plurality of 
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lenses 46, 48, 50 is formed to transmit light from light source 10 to membrane 
24 and to direct the light reflected from the membrane through three additional 
lenses 52, 54, 56 onto photodetector 12. The plurality of lenses assures the 
maximum utilization of the light, thus enhancing the sensitivity of the device. 
5 The small lenses 46 to 56 may be made in an ordinary, spherical form (Fig 7), 
or in the form of Fresnel rings, as shown in Fig. 8. In the latter case, it is 
possible to use several light sources and several photodetectors, disposed in a 
circle at the center of the optical component. 

It will be evident to those skilled in the art that the invention is not 

10 limited to the details of the foregoing illustrated embodiment and that the 
present invention may be embodied in other specific forms without departing 
from the spirit or essential attributes thereof The present embodiment is 
therefore to be considered in all aspects as illustrative and not restrictive, the 
scope of the invention being indicated by the appended claims rather than by 

15 the foregoing description, and all changes which come within the meaning and 
range of equivalency of the claims are therefore intended to be embraced 
therein. 
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1 • An optical microphone device, comprising: 

0 an inverted, cup-shaped body including a top wall 
and at least one side wall and being at least partly made of 
transparent material; 

ii) at least two lenses projecting from the lower surface 
of sa.d top wall and extending respectively towards said light 
source and said photodetector, and 

iii) a pyramid-shaped air gap having a ridge separating 



said lenses 



2. An optical mi cropho„e device, conning in,erconnec,able firs, and 
second components; 

said firs, component being an electronic component constituted by an 

^iTair cmyi ; s at ,east one ,i8h * — and ^ « 

spaced apart from each omer and eiectrica, contacts for said ,ig ht source and 
- =r and sa,d second component being an optica, component 

0 an inverted, cupb-shaped body including a top waH and a, leas, 
one s,de wal! and being a, leas, partly made of transparent material; 

ii) a, leas, two lenses projecting f r0 m ,he lower surface of said , op 
wall and ex.ending respectively .owards said ligh, source and said 
photodetector, and 

iii) a pyramid-shaped air gap having a ridge separating said lenses. 
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3. The device as claimed in claims 1 and 2, further comprising a shallow 
recess on the upper surface of said top wall. 

4. The device as claimed in claim 3, further comprising an acoustically 
responsive membrane mounted across said recess. 

5. The device as claimed in claim 3, wherein said air gap is connected with 
said recess by at least one hole. 

6. The device as claimed in claim 3, wherein said air gap communicates 
with the space in said recess below said membrane via a narrow slot formed by 
the ridge of said pyramid-shaped air gap. 

7. The device as claimed in claim 1 or claim 2, wherein said optical 
component is provides with a plurality of spherical lenses. 

8. The device as claimed in claim 1 or claim 2, wherein said optical 
component is provided with a plurality of circularly, concentrically disposed 
lenses. 

9. The device as claimed in claim 1 or claim 2, wherein the side wall of 
said optical component is tubular. 

10. The device as claimed in claim 3, further comprising a second recess in 
the upper surface of said top wall. 
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11. The device as claimed in claim 10, wherein said membrane is mounted 
across said shallow recess by means of an apertured cover fitted within said 
second recess. 

12. An optical microphone device as claimed in claim 1 or claim 2, 
substantially as hereinbefore described and with reference to the accompanying 
drawings. 
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an inverted, cup-shaped body including a top wall and at least 
one side wall and being at least partly made of transparent mate- 
rial; at least two lenses projecting from the lower surface of said 
top wall and extending respectively towards said light source 
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